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Processor Memory Interaction
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Processor Memory Interaction
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How memory works ?
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Measuring Performance

* When can we say one computer / architecture design is
better than others?

‘*Desktop PC : execution time of a program
s Server . transactions / unit time

“* When can we say X is n times faster than Y ?

“*Execution time, / Execution timey, =n
< Throughput,/ Throughput =n



Measuring Performance

*» Typical performance metrics:

“*Response time

s Throughput
“sExecution time

+CPU computation time

s Benchmarks

s Synthetic benchmarks
ss*Benchmark suites (e.g. SPEC06, PARSEC, SPLASH)



Benchmark Suite

SPEC CPU2006 Programs
Benchmark Language Descriptions
400.perlbench L PERL Programming Language
401 bzipl C Compression
403.gcc L C Compiler
429 mcef C Combinatorial Opdmizadon
445, gobmk C Ardficial Intelligence: go
CINT2006 456, hmmer C Search Gene Seguence
458.s5jeng Loy Ardficial Intelligence: chess
(IntEger} 462 libguantum C Physics: Quantum Computing
464 hlicdref Log Video Compression
471l.omnetpp CH++ Diiscrete Event Simulatdon
473 astar CH++ Parth-finding Algorithms
483 . Xalanchmlk C+ MAIL Processing
410 . bwaves Fortran Fluid Dymamics
4l6.gamess Fortran Quantum Chemistry
433 mile C Physics: Quantum Chromodynamics
434 . zeusmp Fortran Physics/CEFDr
435 gromacs C/Fortran Biochemistry/Mlolecular Dynamics
CFP2006 436.cactusADM C/Fortran Physics/General Reladvity
(FI{) ating 437 leslie3dd Fortran Fluid Dynamics
Point} 444 . namd CH+ Biology /Mlolecular Dynamics
447 .dealll CH Finite Element Analwvsis
450.soplex C++ Linear Programming, Opdmization
453 . povray CH Image Rav-tracing
454 . calculix C/Fortran Structural Mechanics
450 . GemsFDTD Fortran Computational Electromagnetcs
465 tonto Fortran Quanmm Chemistry
470.1bm Loy Fluid Dyvmnamics
481 wrf C/Fortran Wearther Predicdon
452 . sphinx3 Lo Speech recogniton
_I Target Programs application domain: Engineering and scientific computation Ch PESSO = Shaaban

Source: htip://v“www.spec.org/cpu2006/ 538 Lec#1 Spring 2015 1.26.2015
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SPEC Ratio

Reference for SPEC 2006:
Sun Ultra Enterprise 2 workstation with
- a 296-MHz UltraSPARC Il processor

SPECRatio, _ EXCCUtion ime g rence
Execution tich

Execution time

reference
SPECRatiﬂﬂ Execution tilI‘lEA Execution timﬂB PEI‘fﬂI‘t‘IlﬂllCEﬂ
S PECRatmE Execution time . Execution time A Perfc-rmanceﬂ

Execution tit‘llEE

——

- II -.-;.I.;r
GeomertricMean (dq, Ay, Az, ... dy;) = N| | | a;
Illl }_



“ Amdahl’s Law defines the speedup that can be gained by

Improving some portion of a computer.

/

¢ The performance improvement to be gained from
using some faster mode of execution is limited by the

fraction of the time the faster mode can be used.

A

Frﬂc“““enhanced |

Execution time,,., = Execution time_y X [f_ I — Fraction . ceq)

_|_
S [)L:L}Li I“]penh anced ~

Execution time 1
Speedup = old _
overall Execution time . . Fraction
mew
(1 — Fraction_ . 4)+

enhanced

Spccd upenhﬂnced



Amdahl's Law- Illustration

Example: Suppose that we want to enhance the floating point
operations of a processor by introducing a new advanced
FPU unit. Let the new FPU is 10 times faster on floating point
computations than the original processor. Assuming a
program has 40% floating point operations, what is the overall
speedup gained by incorporating the enhancement?

1

Speedup,.. = — -
overall Fractiong,pancea

. . 1 — Fracti I
SO | Utl on.: ( ractioNennancea) + Speedup, hanced

Fraction enhanced = 0.4 : :
SpE'!'E.‘dLlpU,r.um“: W = m = ].56
0.6 + — '

Speedup enhanced = 10 10



Amdahl's Law for multi-cores
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How much Speed up you can achieve ?

Amdahl’s Law:

Speedup =

a

=}

# of processors
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Instruction Set Architecture

s Instruction vs Program vs Software
*» Opcode, Operand
*» Classification of ISA

*» Stack architecture

s Accumulator architecture

** Register-Memory architecture

** Register-Register/Load Store architecture



Instruction Set Architecture

{a) Stack (b)y Accumulator {c}) Register-memory (d) Register-registerload-store

[
Processor

Register
Stack Accumulator (register-memory) Register (load-store)
Push A Load A Load R1.A Load R1.,A
Push B Add B Add R3.R1.B Load RZ2,B
Add Store C Store R3,C Add R3,R1,R2
Pop C Store R3,C

The code sequence for C = A + B for four classes of instruction sets.



Byte Ordering

“*Big Endian vs Little Endian

Little Endian Big Endian
CD]34]AB1127 lelABls-t]CD
had RS
WHbras
WD 3a
(W +3) CD
Big Endian vs. Little Endian Inti=450=2% 27+2% 2 =x000001C2
Register Register
Memory 'OAGE:EU_ET] JOAOE:;TJGDl Memory LSB Little endian
' - ' l ’ Es 3 [11000010/00000001]00000000[00000000|
u:lﬂﬁiq—J e a_C;E C2 01 00 00
a+1:0B (——l o mizz lower —» address higher
a+2:0C | - | - L
a+3:/0D | == > a+3: 0A MSB Big endian
3 LTI Tt = [00000000[00000000[00000001]11000010]

00 00 01 c2



Byte / Word Alignment

Short
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’10111

Misaligned (slow)

Short | Short | Short Short| Short| Short
x Y z Nx | Ny | Nz
oj1|12]|3|4|5 6]7 8 9H0111213]14

data| data |data
data data |data
data data data

alignec to 1 byte

aligned to 2 byuss

aligned to £ byuss



Principles of Computer Design

¢ All processors are driven by clock.

“ Expressed as clock rate in GHz or clock period in ns

CPU time = CPU clock cycles for a program = Clock cycle time

CPU clock cycles ftor a program

CPI = -
Instruction count
CPU time = Instruction count = Cycles per instruction = Clock cyele time
Instructions . Clock cycles Seconds Seconds i
¢ = e = = CPU ume
Program Instruction Clock cycle Program

¢ Clock cycle time - hardware technology
¢ Cycles/Instruction - organization and ISA

¢ Instruction Count -ISA and compiler technology



Principles of Computer Design

 Different instruction types having different CPIs

ft
CPU clock cycles = Z IC; < CPI,

i=1

L
CPU time = [ >IC; > CPI :‘J x Clock cycle time

i=1

n

> IC, < CPI,

CPI = =L
Instruction count




Design Example

A common transformation required in graphics processors Is sguare
root. Implementations of floating-point (FP) square root vary
significantly in performance, especially among processors designed
for graphics. Suppose FP square root (FPSQR) is responsible for
20% of the execution time of a critical graphics benchmark.

One proposal is to enhance the FPSQR hardware and speed up
this operation by a factor of 10. The other alternative is just to try to
make all FP instructions in the graphics processor run faster by a
factor of 1.6; FP Instructions are responsible for half of the
execution time for the application. Compare these two design
alternatives using Amdahl's Law.



Reading Exercises

s Computer Architecture-A Quantitative Approach (5th edition),
John L. Hennessy, David A. Patterson, Morgan Kaufman.

¢ Chapter 1.8 — Measuring, Reporting and summarizing
Performance

¢ Chapter 1.9 — Quantitative Principles of Computer Design
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